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Abstract - We show that chaotic spreading se- 
quences generated by ergodic mappings of Chebyshev 
orthogonal polynomials have better correlation prop- 
erties for CDMA than the optimal binary sequences 
(Gold sequences) in the sense of ensemble average. 

I. Introduction 

Recently, the applications of chaos to practical communica- 
tion systems are gaining attention. Here, we investigate cor- 
relation properties of some ideal chaotic signals for their use 
as spreading sequences in CDMA. 

II. Model and Theory 

We consider chaotic spreading sequences for CDMA as follows. 
X%l 1 =T[XP] Userl 


X { n K + \=T[Xi K) ] UserK. 

Here, T(x) is assumed to be one of Chebyshev polynomials 
T m (x),m > 2 defined by T m [cos(fl)] = cos(m<9). 


Ti(x) = x,T 2 (x) = 2x 2 - l,T 3 (x) = Ax 3 - 3a;, 


(1) 


We consider periodic sequences (X n +N = X n ) as the spread- 
ing sequences. With an explicit expression of an ergodic in- 


variant measure p(x)dx 


satisfies the orthogonal relation 


t:\I~Y — x~ 


of T m (x),m > 2 [M, they 


T l (x)Tj(x)p(x)dx = Si 


(l + <5i,o) 


(2) 


Here, S%,j is the Kronecker delta function. It is known that 
these periodic orbits of ergodic dynamical systems are dis- 
tributed according to the ergodic invariant measure. Thus, 
we can estimate a mean energy of spreading sequences 

- r 1 i 

<]T T 2 ^)) = N / T(x) 2 p(x)dx = ±N. (3) 

3=1 J ~ 1 

N ! 

(J2nXi)T(X j+l )) = N T m (x)T rnl+1 p(x)dx = (4) 

3=1 J - 1 

The mean interference noise (Pn) is as derived in 
C£nX j yr<y i ))=N I T{x)p{x)dx- T(y)p(y)dy = 0. 


. =1 

(5) 
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By the Eq. (8) of Ref. |2J the mean variance of the interference 
noise can also be estimated as follows: 


JV 

(Pn 2 ) = <[^T(JG-)n^)] 2 > 

3 = 1 


-N. 


(6) 


Thus, with the use of the Gaussian assumption for K — 1 
interference noises, we finally obtain the mean SNR denoted 
by ^ c haos(^) as f° uows: 


^chaosW = T 


N 


K 


(T) 


On the other hand, the mean SNR for Gold sequences obtained 
by Tamura, Nakano, and Okazaki[H] is given by 


It 


Gold 


{K) = 


N 3 


(K — l)(A r2 + N — 1) 


(8) 


Thus, we show the following relations about mean SNR be- 
tween chaotic spreading sequences and Gold sequences. 

^GoldW<- R chaosW fOT N <™ ( 9 ) 
lim R Go[d (K)/R chaos (K) = 1, (10) 

iv — >oo 

which exhibits a fact that suitable chaotic sequences can have 
better correlation properties for CDMA than the optimal bi- 
nary sequences. Our estimation of SNR for chaotic sequences 
is also applied to other chaotic maps with explicit invariant 
measures ^, ^] . 

III. Conclusion 

We elucidate a correlation merit of chaotic spreading se- 
quences by using the orthogonal properties of Chebyshev er- 
godic maps. 
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